In this article, the research team uses the VAR self-regression vector model to evaluate the impact of exchange rates on inflation and economic growth in Vietnam over the period 2005-2018. With six endogenous variables included in the VAR model: bilateral real exchange rate (Er), money supply (M2), exports (X), imports (IM), GDP at 2010 comparative prices (GDPR), the consumer price index (CPI) and the two exogenous variables, international price (Pw) and US Federal Reserve interest rate (Ifed), the research team examines the impact of exchange rates on endogenous variables in the model and considers the reaction of inflation and economic growth on various shocks. Based on the quantitative results, the research team will recommend some discussions to contribute for the improvement of Vietnam's macro environment, trade balance, inflation control, and economic growth support; implementing the goal of macroeconomic stability to suit the period of international economic integration and improving national competitiveness.
Introduction
During the past few years, there have been several studies concentrated on the relationship between price and supply (Ito & Sato, 2008; Bodart, 1996; Hung & Pfau, 2009 ). Vo (2000) analyzed the relationship between price and supply in Vietnam with 1900 Vietnam with : 12 -1994 data series and concluded that nominal money supply growth, the deviation between the rate of domestic currency devaluation and the high-interest rate should be considered as factors used to predict inflation, while production growth rate could only maintain a short-term impact. Hung and Pfau (2008) used the VAR model with some variables including output, price, money supply, real interest rate, credit in the economy, the exchange rate for their study, the interaction of monetary policy on the economy. The study points to a tight link between the money supply and real output, but there was no strong connection between money supply and prices. The study also showed that the interest rate channel played little role in the transmission of monetary policy, exchange rate channels and credit channels played a stronger role. Lan (2010) used the SVAR model as a variant of the VAR model to analyze the monetary policy shift mechanism for a large open economy such as Vietnam over the period 1998-2009. Some conclusions have been drawn by the authors: Money M2 tend to have positive effects on economic growth. Exchange rate fluctuations depend heavily on monetary policy management through interest rate instruments and money supply. Minh (2009) used the VAR self-regression vector model to experiment with conduction effect. By VAR test model with 6 economic variables: oil price, commodity demand, exchange rate, import price index, consumer price index, and money supply expansion, the authors have come to two remarkable conclusions: (i) the transmission effect of exchange rate is full after about 5-7 months from the exchange rate fluctuation, then gradually decreases; (ii) the transmission effect of exchange rate on consumer prices is greater than the effect on import prices. Huyen (2018) used the VAR model to examine the relationship between exchange rates and output, as well as the relationship between exchange rates and inflation in Vietnam. The authors made some comments from the quantitative results such as the most important component affecting gross domestic product (GDP) growth is itself and price rather than the exchange rate. Increasing exchange rates does not help economic growth and even it may have an opposite effect. Moreover, the exchange rate has a negative impact on the policy of controlling inflation. Trang (2017) used the VAR model and combined with qualitative research to show that: First, the exchange rate has a certain influence on exports, inflation, interest rates and growth. economy; Second, the degree of influence of exchange rates on main export products is not the same and there are conflicting times. The research results show that to achieve the goal of promoting exports without affecting other macroeconomic targets, the exchange rate policy needs to be more complete and able to reconcile the goals in a specific period. Tung and Van Anh (2018) used the VAR model to examine the impact of changes in money supply on growth and inflation through channels of interest, credit and exchange rates. In which, granger test, reaction function, variance decomposition also showed that there are certain effects from monetary policy to output variables, prices in the economy through the exchange rate channel. The study also pointed out that exchange rate stability, reducing dollarization is one of the goals that need to be considered to achieve the goal of stabilizing the macroeconomy of Vietnam.
The transmission mechanism of the impact of exchange rates on inflation and economic growth
The exchange rate indirectly affects inflation mainly through net import and export, the balance of payments and the price of imported goods (Nguyen, 2011) . In addition, exchange rate indirectly affects economic growth through capital, monetary and aggregate demand channels. The impact transmission channels of exchange rate on growth and inflation can be generalized according to Fig. 1 -The impact transmission mechanism of the exchange rate on inflation through net export: when the domestic currency depreciates against the foreign currency (E rising) 1 , the export turnover increases while the import value decreases, which is a contributor to net export (NX) rise and the trade balance may be improved. Because imports are a component of aggregate 1 The exchange rate (E) mentioned in this article based on direct quotation method, taking foreign currencies against domestic currencies. 
Inflation
Aggregate Supply (AS) demand (AD), the increase in AD will cause the AD line to shift to the right (in the AD-AS model), lead to an increase in inflation.
-The impact transmission mechanism of the exchange rate on inflation through the balance of payment: When the exchange rate increases, net exports increase, improving the trade balance; the IS curve moves to the right (in the IS-LM model), which causes the domestic interest rate rising. In the short term, the increase of foreign currency inflows into the domestic market leads to an improvement in the overall balance of payments. There are two possibilities which could happen: + The Central Bank has to supply an additional amount of domestic currency (MS increases) to absorb all the inflowing in foreign currency to keep the exchange rate stable. The rising in money supply put the pressure to increase in inflation; + In case the Central Bank is not for the purpose of keeping the local currency stable, there is still an increasing amount of foreign currency in the economy. For high dollarized economies, the total means of payment of the economy still increases (total means of payment is equal to the total of domestic payment instruments and the total means of foreign currency payment) and it creates pressure on prices and pushing up inflation.
-The impacts of exchange rates on inflation through import goods channel: Imported goods can be inputs for domestic production or consumer goods. If it is imported for domestic production, when the exchange rate increases leading to the increase in the cost of inputs, the aggregate supply (AS) line moves upwards to the left, causing inflationary pressures. For imported consumer goods, the going up in the exchange rate makes the price of imported goods in local currency increase, thereby raising the overall price of consumer goods, causing inflation pressure.
The impact of exchange rate on growth
With the continuous change, the exchange rate has an important influence on growth and vice versa the happenings of the economy (recession or economic growth) also have the effect of causing exchange rate fluctuations. Fig. 1 also showed that exchange rate affect growth through two transmission channels: (i) changes in exchange rates affect changes in aggregate demand, which affects economic growth; (ii) changes in exchange rates will affect monetary factors (interest rates, money supply) thereby affecting economic growth. In addition, the impact of exchange rates on economic growth can affect through the aggregate supply channel. Because of the changes in the exchange rate can lead to a change in capital sources which affect technology science and labor productivity. But within the scope of the article, the research team will focus on researching channels affecting aggregate demand, thereby affecting economic growth. Besides, the transmission channel of the exchange rate's impact on economic growth is also affected by some factors such as:
(i) Exchange rate mechanism, there are many studies on the relationship between exchange rate mechanism and economic growth but there is no clear answer as to which exchange rate mechanism is the most suitable for economic growth.
(ii) Foreign direct investment (FDI), devaluation of the local currency will increase the assets of foreign investors compared to domestic investors, leading to an increase in FDI and economic growth.
(iii) International trade, exchange rates impact on international trade through the profits of companies involved in international trade. According to the traditional view, when the local currency depreciates, domestic goods become more competitive in the world market, increased exports bring more profits to domestic enterprises, lead to an increase in capital in short term as well as rising in medium-term investment.
3. Applying VAR model to test the impact of exchange rates on inflation and economic growth in Vietnam
VAR model and variables in the model
Based on the effect of transmission mechanism of exchange rate on growth and inflation, and empirical studies on the impact of exchange rate on growth and inflation in Vietnam, the research team have decided to choose and apply vector econometric model (VAR -Vector Autoregression) to test the impact of exchange rates on growth and inflation. The general k-type VAR model has the following form:
In which: + Ai is the square matrix m, i = 1,2,3, ... k; + st = (s1t, s2t, s3t, ..., smt); + Y includes random variable m; + t is a white noise vector; + St vector determines elements, which may include constants, linear, or polynomial trends
The VAR model used in this study is an 8-variable model. There are 6 endogenous variables: Bilateral Real Exchange Rate (Er); Money supply (M2); Export (X); Import (IM); Consumer price index (CPI); GDP at constant 2010 prices (GDPR); In addition, the author added in the model of international price index variable (Pw) and FED interest rate variable (Ifed) as exogenous variable. (Table 1) Consumer price index  TCTK, IFS  2  GDPR  GDP at constant 2010 prices  TCTK  3  M2  Money supply  IFS, NHNN  4  X  Export  IFS, TCTK  5  IM  Import  IFS, TCTK  6  Er  Bilateral Real Exchange Rate  IFS, NHNN  7 Pw international price index IFS 8
Ifed FED interest rate IFS Source: summary of the research team In Table 1 , the consumer price index (CPI) variable represents the inflation target, while the gross domestic product at constant 2010 prices (GDPR) represents the income or output index of the economy. At the same time, the GDPR variable has been seasonally adjusted to the moving average method, to ensure shocks reflect changes compared to the long-term trend of that variable. The Ifed variables of Quarter 3, Quarter 4, 2017 and Quarter 1, Quarter 2, Quarter 3 of 2018 have been averaged by the authors based on data of the IMF country Report No.18/207 (International Monetary Fund, 2018) . The bilateral real exchange rate is calculated from the bilateral nominal exchange rate data, compiled from IFS and GSO by the research team. The variables CPI, GDPR, M2, X, IM, Er, PW, Ifed, after being logarited, are denoted LCPI, LGDP, LM2, LX, LIM, LER, LPW, LIFED and variance of data series after being logarited, are denoted as DLCPI, DLGDP, DLM2, DLX, DLIM, DLER, DLPW, DLIFED. Based on this model structure, the research team considered the impact of exchange rates on the remaining endogenous variables in the model and also the reaction of inflation and economic growth to various shocks.
Checking the stability of the data series
Before carrying out specific analysis steps, the authors undertook a check on the stability of the data series (including 52 observations, being collected from quarter 1, 2005 to quarter 3, 2018)
Determine the stopping behavior of the variables included in the model
To test the stationarity of the variables after the logarithmic, the research team performed unit tests and the results are shown in Table 2 The results in Table 2 show that the discrepancies of DLCPI, DLGDP, DLM2, DLX, DLIM, DLER, DLPW, DLIFED chains all stop at the 1% significance level (5%, 10%). With the results of the calculation of stationarity as above in the VAR model, all variables will be taken in the first-order differential. The data series in this study is quarterly data, from the first quarter of 2005 to the third quarter of 2018 with all 55 observations, but due to running after the variables latency and taking the difference of variables, the number remaining observation for running VAR model is 48.
Determine optimal latency
To determine the variables included in the VAR model, it is important to assess the optimal latency. After running the VAR and using the verification to determine the optimal number of latency periods, according to the statistical standards LR, FPE, AIC, SC, HQ the optimal delay is 3 (Table 3) . (Table 4) , with a 5% significance level: Money supply has a causal relationship with CPI; CPI has a causal relationship with imports; The interest rate of the Fed is related to the CPI and the CPI has a causal relationship with the interest of the Fed; Exports have a causal relationship with GDP and GDP has a causal relationship with exports. Imports have a causal relationship with GDP and GDP has a causal relationship with imports; International prices have a causal relationship to GDP; Fed interest rate is correlated with GDP; The exchange rate is related to money supply; Exchange rates have a relationship with imports; The exchange rate is related to international prices; The interest rate of the Fed is related to the exchange rate and the exchange rate is related to the Fed interest rate. Money supply has a relationship with imports; Export has a relationship with imports; International prices have a relationship with exports; Fed interest rates have a relationship with exports; International prices have a relationship with imports; International prices are related to the Fed interest rates. With the significance of 10%, it can be further confirmed: International price is related to money supply; Imports have a relationship with exports. 
Estimated results of VAR model

Estimated results
After checking the stoppage, determining the optimal latency, and checking the Granger causality, chained correlation, the stability of the model, the authors proceeded to estimate the model (Table 7) . VAR model results have shown the relationship between the variables in the model, the influence of the variables in the present and the latency value (3-quarter optimal delay) of the variable itself as well as the remaining variables to the research variable. From the model results, the authors have conducted the reaction function and variance decomposition to show the relationship between the variables in the model. 
Source: VAR model results
Fig. 2. Impact of exchange rate shock on other endogenous variables
The results of the VAR model estimation and the reaction function (Fig. 2) show that the fluctuation of each variable is in next 10 quarters, assuming the real exchange rate increased by 1% in the first quarter. The results have shown that:
(i) The increase in exchange rate cause CPI to increase in the first quarter, then drop sharply in the second quarter, slightly increase in the third quarter, then decrease then rose slightly and return to the original values. The exchange rate adjustment will have an immediate impact on inflation in the first quarter;
(ii) When the exchange rate increases, GDPR decreases immediately in the first quarter followed by the rising in 2 quarters, then decreases in 2 quarters before slightly increases in the next 2 quarters. The impact of exchange rate on GDPR's fluctuation trend is unclear. There is no firm conclusion on the impact of exchange rates on economic growth; (iii) If the exchange rate goes up, exports will increase in the first quarter, stabilizes in the second quarter, then decreases in the next two quarters, then increases slightly again; (iv) Along with increased exports, imports also rise in the first 3 quarters, then reduces in the next 3 quarters, then fluctuates slightly;
(v) The increase in the exchange rate, at first, also leads to a rising in the money supply, but then the money supply remains almost unchanged
(2). Variance decomposition
In addition to the response function analysis, the variance can be used to assess the importance of different shocks in explaining the variability of inflation and growth. The persistent nature of inflation explains most of the variability of inflation. Next is the money supply from the 3rd quarter that explains nearly 20% of the variation of CPI, from the 6th quarter explains over 35% of the variation of CPI; Exchange rate, export, and import from the 6th quarter explains over 10% of the variation of CPI (Table 8 ). It can be seen that the variability of output in the first quarter is almost entirely explained by its factors. Next is the export from the third quarter explains over 10%, from the fourth quarter onwards explains nearly 20% of the variation of output. The import, from the 5th quarter, explains nearly 10% of the variation in output. Exchange rates and CPI explain about 5% of the variation in output (Table 8 ). The results have shown that a small economy with a large openness like Vietnam, economic growth is heavily influenced by exports and imports. 
Some discussions and recommendations
The article used the VAR model to assess the impact of exchange rate on inflation and economic growth in Vietnam. Quarterly data from the first quarter of 2005 to the third quarter of 2018 were used for the analysis. The granger test, reaction function, and variance decomposition have also shown certain effects from exchange rate to export, import, money supply, output, and prices in the economy. The research team gives some discussions based on the model results.
-Test results have shown the unclear impact of exchange rates on output
This can be understood because of the policy of keeping exchange rate with the little adjustment has been performed for a long time leading to the inertia of the economy. The stable exchange rate contributes to maintaining a stable macro environment, by contrast it creates a relying on others habit for the enterprises, they only airm on taking advantage of cheap labor and resources, not really pay attention in technology and added value for products in order to improve competitive advantages and productivity. Sometime, they are not interested in or have no measures to prevent exchange rate risks. The decision No. 2730/QD-NHNN issued by the State Bank of Vietnam on December 31, 2015 for announcement of the central exchange rate of Vietnam Dong against the US dollar, the cross rate of Vietnam Dong against some other foreign currencies show that Vietnam has transitioned to the regime floating exchange rate controlled by state. This is a necessary decision for exchange rates to be operated more flexibly, creating development for the forex market. In the context of international integration, with the characteristics of Vietnam's economy, which is small in scale but large in openness, does not depend heavily on a large partner, the flexible management of exchange rate and keeping exchange rate in accordance with a basket of currencies will help Vietnam avoid adverse shocks from world commodity and monetary markets, stabilize exchange rate and ensure policy flexibility.
-The impact of exchange rate on inflation is quite clear When the exchange rate increases, the model results show that CPI rises immediately in the first quarter. In addition, the results of variance decomposition indicate that the persistence of past inflation explains most of the fluctuation in currency inflation, followed by supply money. The model results also show that when the exchange rate increases, the money supply increases initially and then almost does not fluctuate. It can be understood because the money supply is strictly controlled by the State Bank of Vietnam. From 2012 through 2018, the State Bank of Vietnam has been very flexible and successful in using valuable papers to intervene in order to stabilize exchange rates and money supply. Therefore, in order to maintain macroeconomic stability, the Government needs to ensure the active and flexible management of monetary and exchange rate policies in order to control inflation, stabilize macroeconomic, and stabilize the value of domestic currency, improve confidence and benefits of people and investors if they hold Vietnamese dong; In addition, it is necessary to continue developing the derivative instruments market to help prevent exchange rate risks.
-A rising in the exchange rate in the first 3 quarters contributes to an increase in exports, but also growing imports This can be explained by the fact that Vietnam is a country with a high percentage of imported goods for the production of export goods, so the increase in exports will stimulate imports. Besides, variance decomposition also indicates that exports and imports explaine most of the variation in output in Vietnam is appropriate. This also shows that Vietnam's economy is very vulnerable due to too much reliance on exports while exports are not sustainable and rely on imported raw materials, so there is a need for stimulus to increase the localization rate and enhance the competitiveness of Vietnamese exports. The Government needs to innovate an export growth model based on the exploitation of competitive advantages to improve productivity, quality and export efficiency as follow:
(i) Reduce the rate of imported inputs within the value of exports. This is a measure to enhance the effect of exchange rate impacts on exports and is a direct factor affecting the improvement of the trade balance;
(ii) Renovate the structure of export goods in the direction of increasing the proportion of high value-added commodities, boosting exports of goods using modern technology based on technological innovation; (iii) For export markets, in addition to the main markets such as the US, EU, Japan, Korea, etc. it is necessary to actively penetrate new markets such as Africa, Central Asia, and South America, which may become a potential market need to exploit to increase export value; (iv) State management agencies need to support enterprises to renovate production techniques, improve labor productivity to enhance competitiveness, and at the same time support in mechanisms and capital for enterprise; (v) Actively implement activities to expand the product consumption market, especially with products that Vietnam has currently strong competitiveness such as agricultural products, seafood, textiles, wooden products, electronics to enhance trade promotion activities as organizing trade fairs, specialized exhibitions (vi) Increase domestic and foreign market forecasting activities, timely disseminate market information, early detect and take measures to overcome technical barriers.
Conclusion
This article has implemented the VAR self-regression vector model to examine the impact of the exchange rate on the growth and inflation in Vietnam over the period 2005-2018. The results of the Granger test, reaction function, variance decomposition have shown that there are certain effects from exchange rate to export, import, money supply, output, and prices in the economy. The results have indicated that the persistence of past inflation explains most of the variation in current inflation; money supply volatility is the next variable that can explain the variability of inflation while the variation in output in the first quarter is almost entirely explained by the factor itself. Next, are export and import, they are important variables that can explain the variability of growth. A rising in the exchange rate not only contributes to an increase in export, but also helps growing import. From the results of the model, the research team has given some recommendations to contribute to improving Vietnam's business environment, ameliorating the trade balance, controlling inflation and supporting economic growth, realizing the goal of macroeconomic stability.
